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1 question  concerning  airfoil  lift  at  tic  typersonic  speeds  of 
flight  attracts  increasing  attenticn  of  the  researchers,  in  the 
literature  are  discussed  tie  projects  cf  the  eztital  flight  vehicles, 
capable  of  coapleting  descent  frea  the  trajectory  of  satellite,  the 
aanuvhring  flight  in  the  ataosplerc  and  tpuchdcan  with  the  aid  of 
viigs  with  variable  geoietry  [1].  ictual/ur cent  becoaes  the  problea 
cf  the  creation  of  hyperscnic  aircraft; 

In  connection  with  the  tasks  indicated  in  recent  years,  will 
arise  considerable  interest  in  the  study  pi  flea  around  of  the  wings 
at  hi$h  supersonic  velocities.  Investigat iens  are  conducted  in  two 
■ain  directions:  is  studied  tie  hyperscnic  flew  around  of  the  wings 
cf  traditional  fora  (fine/tlin  wings  of  triangular  and  of  other 
planfpras)  is  conducted  tie  search  of  the  new  feras  of  the  layouts  of 
those  possessing  optiaua  aerodynaaic  or  thcraal  characteristics.  The 
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last/latter  direction  includes  numerous  studies  of  flow  around  of  the 
wings  with  T-shaped  cross  section.  Initial ly  was  studied  the  special 
class  of  T-shaped  wings,  corresponding  to  flow  with  the  plane  shock 
wave,  connected  to  leading  edges  [2,  3].  Vc  the  experiaental  check  of 
this  siaple  diagraa  of  flew  and  its  aodif iciticjs  was  dedicated  the 
whole  series  of  works  [4-14]. 

Subsequently  were  found  an  additional  two  classes  of  the  exact 
solutions,  corresponding  to  flow  around  T-shaped  wings  with  regular 
and  Rich  interaction  of  shock  waves  [15,  If].  Ecth  the  type  of  flows 
were  observed  experiaentally  [ 17  - 19]; 

By  the  inportant  result  of  investigations  ^shaped  wings  was  the 
establishnent  of  the  high  value  of  their  lift-drag  ratio  [ 15], 
ceticdably  exceeding  the  aaxinua  quality  pf  equivalent  in  volune  wing 
with  elliptical  cross  section.  The  l)igb  value  cf  lift-drag  ratio  was 
reveal/detected,  also,  in  calculations  of  T-shaped  wings,  streanlined 
with  plane  wave  [20].  One  of  the  authors  of  present  article  was 
carried  out  calculation  on  the  basis  cf  New  ten's  theory  taking  into 
account  concentrated  forces  [21],  that  showed  that  wing  of  T-shaped 
form  during  soae  limitations  (for  example*  with  the  assigned  lift  and 
volume)  has  the  maximum  value  cf  lift-drag  ratio  at  expansion  angles 
less  than  180°.  As  illustration  to  this  calculation  Fig.  1 depicts 
the  dependence  of  lift-drag  ratio  cn  the  expansion  angle  of  wing  f 
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on  dec  assigned  lift  Cv  xefccccd  tc  wi$g  atca  is  plan/layout  S,  foe 
several  values  of  relative  volaas  Yy/S s/i  # **  *•  evident  that  the 
aa:iiaaB  value  of  quality  corresponds  bo  the  expansion  angle  of  "140°. 

This  work  is  dedicated  to  the  expeciaectal  study  of  flow  around 
V-shaped  wings  over  a wide  range  of  a change  it  the  geoaetric 
paraaeters.  on  the  basis  of  the  obtained  results,  are  analyzed  the 
possible  patterns  of  flew  around  of  the  ipngs,  is  deteraiqed  the 
distribution  of  pressure  on  the  wing  surface  and  the  shock 
configuration.  With  the  aid  of  weight  seasneaents  is  located  the 
dependence  of  lift-drag  ratio  on  expansion  angle  of  V-shaped  wing. 

Page  59. 

In  the  first  group  of  experiaents,  was  studied  the  flow  about 
the  drain/vented  aodels  of  V-shaped  wings  during  a change  in  the 
expansion  angle  of  wings  free  0°  tc  180°,  angle  of  attack  froa  0°  to 
15°  and  nuaber  11=4 . The  first  results  of  these  experiaents  were 
pnbliahed  in  work  [ 19]. 

Construction  aade  it  possible  tc  rotate  cnc  half  of  wing 
relative  tc  aqother  and  tc  change  with  this  expansion  angle  (Pig.  2). 
The  removable  parts  of  the  wing,  carried  pit  in  the  fora  of 
tsiaafalar  plates  .with  pointed  edges,  cculd  1c  reaoved  and  were 

replaced  by  others. 
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f c t testings  were  aade  three  steel  acdeln  ci  1-shaped  wings  with  apex 
angles  0,  by  the  respectively  egual  to  30*  - scdel  Wo  1,  35°  - wo  2 
and  40°  - Mo  3.  The  length  cf  trailing  edge  of  all  nodels  of  wings 
was  identical  and  it  was  335  as. 

for  the  study  of  flow  pattern  between  kings  after  aodel,  was 
estabiish/installed  the  ccih/rack,  aeasuring  the  total  pressures. 

Tabes  in  ccnb/rack  were  arrange/located  in  the  plane  of  the  syanetry 
cf  wing  at  a distance  of  20  an  fro*  its  rear  section/shear.  Model  was 
establish/installed  in  the  forward  section  cf  the  optical  window,  and 
field  cf  flow  was  studied  cn  trace  after  acdel  (Fig.  3).  The  position 
cf  juap  systen  was  detezniqed  by  ratio  b/B»  where  h - a distance  fron 
the  a;is  of  npdel  to  gallop  in  the  plane  of  the  syanetry  of  wings, 
aeasused  in  the  section  of  rear  sectiop/shear,  R - a distance  in  this 
ease  section  froa  axis  to  wing  edge.  Iq  Fig.  4 are  constructed  the 
graph/diagraas  of  the  dependence  of  value  h/B  froa  expansion  angle  y 
fcr  acdel  Wo  1.  Bach  curve  correspcqds  to  tic  specific  angle  of 
attacl.  Unbroken  curve  are  connected  the  experimental  points, 
corresponding  in  the  phetegraphs  cf  the  brightest  intersection  of 
juaps^  In  series  of  experiaents,  were  observed  several  intersections 
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of  the  juaps  of  those  noted  in  Fig.  h ky  snail  circles.  Dot-dash 
carved  is  shewn  the  position  of  the  prejeatien  cf  leading  wing  edge 
in  tha  plane  of  syaaetxy  during  a change  if  the  expansion  angle.  Vith 
the  approach  of  wings,  shock  wave  gradually  will  aove  away  fron  axis. 

It  is  of  interest  to  explain,  which  flew  ccnditions  are  realized 
during  the  consecutive  decrease  cf  expansion  angle,  beginning  froa 
flat/plane  delta  wing  (y*18C°)  and  terminating  enderstand  by  the 
ccapldte  approach  of  wirgs  (y=0).  The  interpretation  of  photographs 
showed  that  are  realized  several  types  of  flew  with  different  shock 
envelopes  (Fig.  5)  . 
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It  large  eipansion  angles  (beginning  fro*  180°)  flow  it 
cccur*  with  one  leading  wave,  connected  to  leading  wing  edges  (a), 
i ith  it  decreases,  and  it  is  acved  nearer  tc  tbe  surface  of  wing  (b) . 
Further  decrease  of  angle  j leads  to  tie  pattern  of  flow  with  alnost 
plane  wave  (c) , noneover  at  tie  special  values  cf  the  parameters  wave 
stops  in  the  accuracy  of  plane,  let  us  notc/that  the  interpretation 

of  tb4  photographs,  which  ccrrespcpd  tc  phtterc  (c) , allow/assuaes 

o 

twe  possible  systens  of  juaps.  One  8t  tlea  is  stown  by  solid  line. 


ancther  - a dotted  line.  Flew  conditions  when  jvap  systea  wholly  is 
between  wings,  are  shown  cn  Fig.  5d  and 
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The  type  of  flow,  following  it  is  dixect  after  flow  with  alnost 
step  shock  (Fig.  5c),  it  has  the  three-diaersiccal/space 
configuration  of  Hach  type  jusps.  for  scae  wings  is  demonstrated  the 
possibility  of  flow  with  the  Hach  systea  of  step  shocks  [22].  In  the 
general  case  the  juaps  are  kept  and,  besides  Hach  systea,  are  present 
the  jnips  reflected,  which  interact  kctweeii  tleaselves. 

Bigure  5e;  corresponds  to  the  regular  ictereection  of  juaps.  This 
pictusc  of  flow  displaces  the  Hach  ccnf igaratic t of  waves  during 
farther  approach  of  wings.  Here  just  as  in  the  preceding  case, 
appears  the  complex  systea  cf  juaps  reflected  aid  secondary 
interactions.  According  to  the  shadcagraphs,  the  flow  of  the  type 
i-adicated  is  retained  tc  the  very  lew  values  of  angle  y (order  of 
3°),  after  which  under  conditions  cf  the  carried  out  experiments  the 
rapge  between  wings  is  filled  with  boundary  layer,  and  supersonic 
flow  is  destroyed.  During^  transiticp  tc  other  acdels  of  the  pattern 
cf  flgws,  besides  angle  y , they  will  depend  substantially  from  one 
■ore  parameter  as  which  it  is  possible  to  take  relation  to  the 
cross-sectional  area  of  icdel  (shaded  range  if  Fig.  5)  to  the  area  of 
the  clearance  between  wings  in  the  plane  o f aerial  velocity  of 
incident  flow.  Let  us  designate  this  parameter  through  X.  At  preset 
aagle  y,  the  value  of  the  paraaeter  X fer  all  acdels  changed  from  0 
(a=0°l  to  certain  value,  ccrresponding  to  the  angle  of  attack  of 
o~15°. 
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According  to  experiaents,  at  angl«£  pf  130«<7<180o  topological 
structure  of  flow  was  retained  for  all  X frca  this  range.  At  smaller 
angles  7 lfith  an  increase  in  tfae  parameter  >,  additionally'  appeared 
the  janps  repeatedly  reflected  frca  walls*  Experiments  showed  that  in 
the  range  of  low  values  x with  increase  the  last/latter  systea  of  the 
jnaps*  liaiting  the  ranee  'Of  disturbed  flow,  approaches  a body 
surface.  However,  beginning  with  certain  value  X [18],  is  realized 
inverse  dependence,  with  the  assigned  :Haeh  rusher,  one  or  the  other 
pattern  of  flow  depending  on  values  X wilA  te  realized  in  the 
substantially  different  raqce  of  argles  7.  in  particular,  the 
ccwparisoq  of  data  shows  that  tfae  decrease  cf  the  values  of  the 
parameter  X wakes  it  possible  to  increase  tie  range  of  expansion 
angles  7,  as  a result  of  which  occurs  -of  flew  cf  the  type  5d  and  5e. 
Everything  said  is  related  to  the  case  of  tie  leading  wave,  connected 
to  leading  edge. 

In  the  process  of  experiment,  together  with  optical 
investigation,  were  conducted  the  aeaswreisents  cf  the  distribution  of 
presswre  on  the  surface  of  models  and  distributions  of  the  total 
pressure  in  trace,  if  we  designate  diataqsf  ftem  the  axis  of  model  to 
drainage  point  in  this  section  threugh  t tad  distance  in  this 
section  froa  axis  to  wing  edge  threugh  I,  then  constant  value  z/R 
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Mill  correspond  to  points,  by  the  lying/hor izcrtal  on  one  straight 
line,  passing  through  the  apex/vertex  <f  models. 

Page  fi3. 

figure  6 gives  the  experimental  value*  «f  the  coefficient  of 
pressure  Cp  for  aodel  to  2 depending  an  valee  * • On  each 
curve/graph  are  constructed  the  curves  Cp  for  the  angles  of  attack 
cf  a=5°,  10°,  15°  at  the  fixed  value  of  expansion  angle  7-  Let  us 
observe  the  behavior  of  these  curved  during  tic  successive 
approximation  wings  from  y?180°  to  20°. 

luring,  the  coapletc  deployment  of  wings  ard  low  angles  of 
attach,  the  pressure  on  spread/scope  is  retailed  approximately 
coxstant.  An  increase  in  the  angle  of  attack  leads  to  pressure  rise 
on  ving,  moreover  at  apgles  a»10  ard  15°  Serve  Cp  consists  of  two 
sections:  the  section  of  the  elevated  presscre,  which  begins  from 
leading  edge,  and  the  section  of  reduced  pressure  about  the  plane  of 
the  symmetry  of  wings.  Similar  distribution  cf  pressure  is  observed 
to  angle  into  expapsion/disclosures  y=16Q°  (Fig*  6). 

further  approach  of  mirgs  qualitatively  changes  the  character  of 
pressure  distribution.  In  the  range  cf  aqgles  cf  7= 20- 120°  (Fig.  6) 
the  distribution  curve  cf  pressure  consists  cf  several  steps  of 
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ccfstant  pressure,  arrange/located  cn  scatico  the  adjacent  the  edge, 
transition  section  and  section  near  the  plane  cl  the  synnetry  of 
»i*g. 

On  the  uhole,  the  effect  of  expansion  angle  on  pressure 
distribution  is  convenient  tc  trace  in  fig.  7,  there  are  represented 
the  distribution  curves  cf  pressure  fox  nodel  He  2 at  the  angle  of 
attach  of  a=15°. 

The  analysis  of  expcrisental  cata  alsc  she  ted  that  inj  the  zone 
cf  nininun  pressure,  adjacent  to  edge,  the  expansion/disclosure  of 
tings  evenly  raises  pressure,  and  if  at  the  angle  of  attack  of  «=5° 
this  increase  oscillates  nitfain  lisits  (0,C(5<  CP  <0,07 ) ,i  then  at 
tbg  angle  cf  attack  of  »= 1 5°  value  of  tie  ccefficient  of  pressure 
grew/rises  fron  0.  (12  to  0.25. 
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decreases*  and  thei  value  of  aaxiaua  pressure  aceotonically  increases. 
The  agst  essential  pressure  increacqt  >cccars  at  the  angle  of  attack 
cf  a=35°,  pressure  coeiiicicnt  in  this  case  reaches  values  Cp  =0,35. 

let  us  now  aove  on  to  the  short  characteristic  of  field  of  flow 
ia  the  plane  of  the  syauetry  of  wings  which  was  aeasured  with  the  aid 
of  the  coah/rack  of  the  tctal  pressure*  Taking  into  account  that 
directly  fer  aodel  it  is  retained  conical  flew,  can  be  on  the 
aeasurenegts  total  pressures  in  trace  judged  their  values  in  the 
range  between  wings.' 

The  values  of  the  pressures,  aeasured  by  ccab/rack,  they  were 

i 

expressed  in  diaegsionless  fora  in  the  fora  p/p„  where  P - the  total 
pressure,  aeasured  by  tube;  P/po  - the  total  pressure  after  noraal 
shack  in  the  undisturbed  flew.  Figure^  8 gives  the  dependences  of 
relation  P/pe  on  value  y/R  (acdel  1).  Hese  y - distance  froa  the 
axis  pf  aodel  to  tube  in  the  section  of  cpal/rack;  R - distance  in 
this  saae  section  froa  axis  to  the  continuation  of  wing  edge. 

The  location  of  experiaental  points  indicates  that  at  the  large 
expansion  angles  of  nodels  (to  y=80°)  the  pressure  in  the  plane  of 
the  sysaetry  of  wings  is  changed  abruptly*  taking  different  constant 
values  on  individual  sections.  The  first  Icu-prcssure  section 
ccrresponds  to  the  range  of  the  undisturbed  flew,  the  second  section 
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cf  elevated  pressure  is  fccaed  as  a result  cf  cooperating  the  shock 
waves  and  reaches  the  axis  cf  acdel.  Mith  the  pest  of  angle  of 
attack,  the  pressure  on  the  second  section  is  raised. 


it  snail  expansion  angles,  pressure  distrilution  qualitatively 
retains  its  fora;  however,  Ugh- pressure  area  decoaposes  on  several 
sections  of  constant  pressure. 


Ccapare  the  now  findings  cn  pressure  distribution  and  on  the 
field  cf  the  total  pressures  with  the  optical  picture  of  flow, 
described  above.  Let  us  exaaine  first  the  large  expansion  angles  of 
wings/  Then,  according  tc  shades  photographs,  is  only  one  leading 
shcck  Have,  connected  tc  wiig  edges.  Rithir  flcv  there  are  no  visible 
juaps/  This  conclusion/derivation  is  ccnfiraed  hy  snooth  curve  of  the 
distribution  of  pressure  cn  vail,  and  also  by  diagraa/curve  of  the 
tptal  pressure  in  the  plane  of  the  syanetxy  of  IIoh. 


it  expansion  angles  less  than  120-140°,  is  realized  the  Bach 
cogfif oration  of  juaps  in  space.  It  is  real/actual,  the  field  of  the 
total  pressures  in  the  plane  of  the  syaietry  of  wings  corresponds  to 
the  flow,  passed  through  cne  juap,  and  the  distribution  of  pressure 
ci  wall  represents  curve,  that  consists  of  two  sections  of  constant 
pressare  with  the  sharp  transition,  which  ccireaponds  to  the  leg  of 
wave,  arrange/located  within  flow.  The  secondary  jumps,  reflected 


cac  * 78101700  PAGE  b*  yj 


fxc  a wall*  weak  and  do  oot  give  a noticeable  change  in  the  pressure 
and  entropy. 

I ! 

At  expansion  angles  7 less  than  80°,i  essential  becoae  secondary 
reflections  fxon  the  walls  which  are  exhibited  noticeably  on  the 
curve/graph  of  the  distrituticn  of  pxessuxe.  The  nuaber  of  sections 
cf  constant  pressure  now  teccaes  acre  than  two  and  gxow/xises  during 
decrease  7.  The  future  cf  the  exparsion  angle  cf  wings  leads  to  the 
xeplaCeaent  of  Bach  interaction  of  juaps  regular.  Conclusion  this 
escape/ensues  fron  the  analysis  of  the  disturbed  field  of  the  total 
pressures*  in  which  the  pressure  recovery  proves  to  be  above  than  the 
thecretical  optinua  pattern*  which  contains  ty  the  scythe  also  of  the 
nonal  shock. 

Sage  16. 

It  is  interesting  to  ncte  that  for  snail  angles  7 (7=20°)  in 
range  it  is  lower  than  the  intersection  of  the  juaps*  whioh  go  froa 
leading  edges*  the  noticeable  increases  of  the  total  pressure 
re veal/detected  and  only  secondary  and  subsequent  intersections  of 
juaps  fora  the  zones  of  the  high  values  of  the  quantity  indicated. 
This  special  feature/peculiarity  appears  if  confection  with  the 
decrease  of  the  intensity  cf  the  ccpnectef  to  leading  edges  juaps 
during  the  decrease  of  angle  7. 
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In  experinents  th«  field  of  the  total  pressures  was  determined 
for  purpose  of  the  reficeicct  of  tie  pictuxe  of  the  flow  between 
wings*  However,  these  data  have  independent  interest  in  connection 
kith  the  possible  use  cf  ccapressicn  cf  file*  ca  lifting  surfaces  as 
the  preliminary  stage  of  air  diffusion  tefexe  tie  entrance  into  jet 
engine.  The  results  of  experiment  shewed  that  cc  tested  V-shaped 
wings  recovery  factor  highex  than  in  the  pattern  of  optiaue  plane 
diffuser  with  oblique  and  ncraal  slocks  although,  apparently,  is 
still  distant  fros  the  cptiaus  value  which  it  is  possible  to  achieve 
fcy  the  special  selection  cf  the  gecaetric  paxsseters  of  wings. 

let  us  now  sove  on  to  the  examination  cf  experiaents  in  the 
seasuxesent  cf  the  forces,  which  act  on  V-sbap«d  wings,  with  the  aid 
cf  aesodynasic  balances.  Models  for  this  series  of  experimental 
experiaents  (Fig.  9)  repxescntcd  tie  ceabinaticn  of  fine/thin  central 
cese  (frith  the  half-angle  equal  to  7°)  with  twe  rigidly  attached  on 
it  delta  wings  (angle  between  the  leading  wing  edge  and  the  axis  of 
coqe  was  30°).  Testings  were  ccnductcd  ca  tlrcc-coaponent 
strain-gauge  balances  by  standard  procedure,  lie  aerodynaaic 
characteristics  of  aodels  are  obtained  in  tic  range  of  the  angles  of 
attacB  of  «*1-15°.  The  accuracy  of  experieents  (ran  error)  during  the 
use  of  the  three-coapaaeat  cf  strait  sc alee  indicated  conprieed: 

I I mm*  * 3 */•  » K*  I * ♦ * « % , I <?C|  I 8 0,7^ 0,t  7.  , , 
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Bore  C„  - the  coefficient  cf  ncrnal  fxrce,  CT  - the  coefficient  of 
farce  of  periphery,  Cj.  - the  center-cf-pr essur « coefficient. 
Experiaents  Here  condacted  at  the  velocity  of  incident  flow, 
corresponding  to  noaber  856. 

tested  4 aodels  with  the  expansion  eagles  cf  V-shaped  wing  of 
7*180*,  17C°»  160®,  150°.  It  should  be  noted  that  the  pattern  of  flow 
about  these  aodels  will  net  ccrxespcnd,  described  it  is  above,  for 
large  expansion  angles  cn  two  reasens:  due  to  the  bracket,  prepared 
in  the  fora  of  slender  coqe  and  hypersonic  velccity  of  incident  flow. 
As  a result  the  type  of  flow  will  correspond  that  shown  on  Pig.  5f. 


In  the  second  group  cf  experiaents,  were  aeasured  nornal  and 
axial  coaponeqts  of  the  tctal  aerodynamic  fctce,  acting  on]  the  nodel, 
aad  the  pitching  acaent  iq  the  coordinate  systca,  connected  with 
weights.  According  to  tfce  results  cf  aeasaceaents,  were  designed  the 
coefficients  of  the  frontal  Cx  and  lift  Cv  of  forces,  the  lift-drag 
ratio  K and  the  center-cf-pressure  locatioq  aodels. 

lest  data  are  represented  in  fig.  IQ  in  the  fora  of  dependeacea 
Cx  , Cv  - /(•*) . Oaring  the  calculaticp  of  aercdycaaic  coefficients  CM 
•ad  Cy  for  characteristic  area,  was  accepted  the  area  of  the 
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aidsectioQ  of  aodel.  It  should  be  noted  that  the  oodel  with  angle  of 
l-170«  has  larger  resistance  than  delta  wing.  ibis  is  connected  with 
the  fact  that  during  the  (toduction  of  tl;is  aodel  were  allowed  the 
deviations  froa  intended  siaes. 
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The  obtained  results  attest  tc  the  fact  that  with  the  decrease 
cf  the  expansion  apgle  cf  V-shaped  wing  the  valve  of  drag  coefficient 
from  the  decrease  of  expansion  angle  falls.  Is  a result  lift-drag 
ratio  with  decrease  of  angle  7 froi  180°  tc  15C°  increases  by 
20-30o/o  in  comparison  with  the  waxiiua  gmaJitj  of  delta  wing  (Pig. 
11).  Since  the  amount  of  lift  dees  not  in  clfect  depend  on  the 
expansion  angle  of  wing  (Fig.  IQ),  also  in  the  class  of  the  sing 
eguivXlents  with  the  constant  value  cf  lift,  the  decrease  of 
expansion  angle  will  lead  to  the  increase  of  lift-drag  ratio. 

Center  of  pressure  in  liwits  cf  accuracy  cf  experiment  is  not 
virtually  changed  during  a change  in  the  expansion  angle  of  wing  and 
it  is  arrange/located  from  the  apex/vertex  cf  sing  to  its  0.68  mean 
chord,  which  will  coincide  with  the  results  cf  the  tests  of  cones  and 
delta  wings  at  supersonic  speeds  cf  flow.: 
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Page  69. 

Xn  conclusion  let  us  eaphasize  that  an  increase  in  lift-drag 
ratio  of  V-shaped  wing  with  the  decrease  of  aggie  7 occurs  not  due  to 
the  increase  of  airfoil  lift,  while  in  essence  as  a 'esult  of  the 
decrease  of  its  resistance*  i. e.,  appears  tie  saae  effect,  which 
leads  to  the  low  values  of  resistance  >of  hcd;  with  the  stair-shaped 
fcrs  gf  cress  section. 
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